SUMMARY Doppler ultrasound was used to investigate 48 infants and children (age 2 days-16 years, weight 1 0-58 kg) with aortic arch abnormalities. In only 38 of the 42 with an important coarctation was an increased blood flow velocity from the distal arch demonstrated. In three with interruption of the aortic arch an increased velocity recorded from the region of the distal arch was thought to represent ductal flow. There was little difference between the peak to peak and instantaneous maximum gradients in the 20 patients with important coarctation in whom direct pressure measurements both proximal and distal to the obstruction were made at catheterisation. There were poor agreements between Doppler and measured peak to peak and instantaneous gradients in the 17 patients found to have both an increased velocity and important coarctation.
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It is concluded that although an increased blood flow velocity in the distal arch is usually demonstrated in coarctation this may not occur with severe obstruction. Furthermore, the maximum velocity is not related to the anatomical severity of the obstruction and the Doppler estimate of pressure drop in coarctation may not even reliably predict that measured at catheterisation.
The diagnosis of coarctation of the aorta is usually based on clinical examination, and further investigations are directed at defining its site and nature to permit the correct surgical approach. Although echocardiography often provides this information and allows surgery to be undertaken safely without catheterisation, another non-invasive diagnostic technique would be useful in patients in whom a clear echocardiographic image of the coarctation site is not obtained.
Reports summarises the age groupings, investigation, and findings. At catheterisation the pressure was measured directly through a fluid filled system both proximal and distal to the obstruction in 23. Pressures on both sides of the obstruction were measured simultaneously in 12; the proximal measurement was made with a catheter in the left ventricle (9) or the aortic arch through the coarctation (3) and the distal one through a needle in the femoral artery or the side arm of a sheath in the iliac artery. In the remaining 11 patients pressures were measured by catheter withdrawal across the coarctation and tracings distal to the coarctation were superimposed on proximal ones to simulate simultaneous pressure measurements; to minimise error, beats with almost equal R-R intervals were chosen. The peak to peak and maximum instantaneous pressure differences were measured from each tracing. Catheterisation was undertaken in seven infants with a ductus arteriosus, with pressures being measured in both the pulmonary artery and descending aorta in five.
The Doppler investigations were performed by means of a 2 MHz probe with a continuous and pulsed wave system (Alfred, Vingmed) and a spectrum analyser (Doptek). After echocardiographic examination a routine Doppler study was performed, the suprasternal or left upper parasternal positions being used to obtain the optimal signal of flow through the aortic arch and coarctation site. From the Doppler signals from the ascending aorta and aortic arch the maximum velocity of blood flow in m/s (V) was measured and the modified Bernoulli equation (A3P = 4V2)4 was used to convert this into Doppler estimate of gradient in mm Hg (P). We then compared the Doppler measurement of flow velocity in the ascending and descending aorta and the maximum Doppler gradient in the descending aorta with the measured maximum instantaneous and peak to peak gradients over the coarctation. In those infants with a preductal coarctation and a ductus arteriosus or arch interruption who underwent catheterisation we also compared the Doppler findings with the gradient from the main pulmonary artery to the descending aorta. In one patient the Doppler study was performed while a balloon catheter was inflated within the ductus.
In 
COMPARISON OF PRESSURE GRADIENTS
In all 20 patients with important coarctation in whom pressures were measured on both sides, the instantaneous maximum appeared to be greater than the peak to peak gradient, the difference ranging from 1 to 6 (mean 4) mm Hg in 17 and being 9, 12, and 17 mm Hg respectively in the other three. An increased velocity jet was demonstrated in 17 of these, and comparison of the maximum Doppler gradient with the measured one gave a correlation coefficient r of 0-42 against the peak to peak (y = 046x + 26A4) and r = 0-36 (y = 0 37x + 27-2) against the instantaneous maximum gradient. Com 41 in two patients in whom the catheter would not pass through the narrowing, Doppler estimate of gradient was 26 mm Hg in one and no flow was demonstrated in the other.
WAVE FORMS
Study of the flow patterns showed that in diastole flow was generally of low velocity and its recognition was related to the level of the high pass filter. With this set at 800 Hz (a velocity of just over 0 3 m/s) continuous flow in diastole was demonstrated in 21 of the 38 with important coarctation and increased velocity in the distal arch. In a further 10 flow apparent in early diastole did not continue throughout diastole and in seven flow was confined entirely to systole. The duration of flow was not related to the maximum velocity or gradient. The end diastolic pressure difference across the coarctation could be measured in 10 patients in whom an increased velocity was recorded; flow throughout diastole occurred in the five with a measured end diastolic gradient of > In the group with postductal coarctation our findings are more in accord with those of Hatle and Angelsen'; in most cases Doppler demonstrates high velocity flow but where the obstruction is very severe this may not be demonstrable. In the three children in whom Doppler did not demonstrate the high velocity there was no clinical doubt as to the presence of coarctation, however, and a site near the arch was likely in one because continuous flow towards the transducer suggested collateral flow.
Diagnosis of coarctation of the aorta in the newborn can be difficult; echocardiography is not always diagnostic and there is also the possibility of confusion between coarctation and interruption of the arch. Robinson et al suggested that in the neonate increased velocity flow away from the transducer indicates coarctation3; in one of their patients pressures on both sides of the obstruction were equal and a high velocity should not have been recorded. We speculate that the increased flow velocity in those with arch interruption is a result of ductal flow and may be wrongly interpreted as representing coarctation. It seems that ductal rather than coarctation flow may also be recorded on occasions in neonates with severe coarctation, as in the newborn infant in whom the obstruction of the ductus abolished the signal. Thus we propose that an increased velocity signal should be interpreted as indicating arch obstruction, not necessarily coarctation, because it may be found with interruption and a restrictive ductus. MEASUREMENT demonstrated (fig 2) .
Since the measurement of pressure gradient with continuous wave Doppler has proved reliable in other situations with discrete obstruction it is difficult to explain why it should overestimate the gradient in some patients with coarctation. This may be due in part to the use of the modified Bernoulli formula, AP = 4V2, which does not take the proximal velocity into account, thus potentially overestimating the pressure drop. The discrepancy may also be related to the measurement technique, in all three the distal pressure having been recorded from the femoral artery. At catheterisation the pressure in the femoral artery can be higher than in the ascending aorta'2 because of the progressive distortion of the pressure wave as it is transmitted through the arterial system. 1' It is not certain whether this applies in coarctation, but the measured gradient may have underestimated the true one and Doppler estimation may well be more accurate than the results presented in this study suggest.
This study has shown that although in most patients Doppler echocardiography allows an accurate demonstration and localisation of coarctation of the aorta, the findings should be interpreted with full knowledge of the weaknesses of the technique and within the context of the whole clinical and noninvasive investigation. The results suggest that in the newborn infant extreme caution must be exercised; the presence of an increased velocity is likely to indicate coarctation but can also be found with a restrictive ductus arteriosus with interruption (or very severe coarctation). Since good images of the aortic arch are usually obtained from these babies 
